We examined the efficacy of working memory exercises (WME), applied concurrently with rehabilitation services provided in skilled nursing facilities, for improving activities of daily living (ADLs) among older skilled nursing facilities residents with cognitive impairment. Intervention Description: Participants (N = 63) were randomized to the WME or treatment-as-usual control group. The WME was a 3-week, 9-session course (30 minutes each) of a rehabilitation program for therapists in post-acute settings. Mechanisms of Action: Working memory exercises aim to improve ADLs by targeting attention and working memory, based on the link between executive function and everyday functional skills. By developing cognitive communication skills and strengthening strategies for learning and memory, WME may give patients an added boost to traditional ADLs remediation therapies. Outcomes: Working memory exercises participants' ADL performance increased by 1.59 points on average (95% confidence interval = 0.69-2.49, P < .001) on the Katz Index of ADL scale compared with a 0.05 decrease for the control group (95% confidence interval = −1.09 to 0.99, P = .92). A greater proportion of WME participants than controls progressed from ADL dependent to independent for continence, dressing, feeding, functional transfers, and toileting. Simultaneously targeting cognitive and functional skills was associated with greater improvements in ADLs than targeting functional deficits alone.
T he post-acute landscape is undergoing seismic change. Increasingly, post-acute facilities, including skilled nursing facilities (SNFs), are being integrated with large health systems and hospitals. Vertical integration of post-acute care has arisen as a strategy to improve quality and cut costs by enhancing care coordination, reducing rehospitalization rates, and capitalizing on the value-based reimbursement reform introduced by the Centers for Medicare & Medicaid Services and other influential payers. Indeed, vertical integration between hospitals and SNFs has been shown to increase Medicare payments and reduce rehospitalization rates. 1 Despite this trend, full integration across the health care continuum has been elusive, and SNFs have struggled to adapt older models of care to newer realities. 2 Hospital discharge patterns reflecting fewer admissions and more direct home discharges are causing downstream financial hardship for SNFs. Median net margins for SNFs have decreased steadily over the last few years, pushing many facilities toward insolvency. 3 One issue is clear; whether integrated with large health systems or as stand-alone facilities, SNFs and their rehabilitation departments are under pressure to produce "better, faster" outcomes to ensure financial survival.
Although the switch from a prospective payment system to a value-based reimbursement model is creating financial stress for SNFs, it also provides an opportunity for a positive paradigm shift in how rehabilitation services are delivered. "Better, faster" care delivery models require enhancement, if not substantial reorganization, of current approaches to rehabilitating functional deficits. One way to improve functional outcomes in a shorter time frame is through rapid integration of cognitive rehabilitation with traditional functional deficit remediation. Under this care delivery model, cognitive and direct functional remediation occurs simultaneously. Cognitive rehabilitation focuses on improving deficits in attention, memory, and executive functions, using evidence-based cognitive interventions that are associated with basic activities of daily living (ADLs) and/or instrumental activities of daily living (IADLs). 4 There is strong neuropsychological theory and empirical support linking cognitive domains to functional skills. The role cognitive control plays in coordinating goal-directed behavior is particularly well established. [5] [6] [7] At a more granular level, working memory is linked to both executive skills and ADL/IADL abilities. [8] [9] [10] Cognitive rehabilitation was pioneered by Diller and his colleagues in the 1970s. [11] [12] [13] Although use of standardized cognitive remediation interventions to improve functional outcomes is not new, it is certainly not widespread in its adoption by post-acute SNF rehabilitation models. Given the high base rate of cognitive impairment among post-acute SNF patients, 14, 15 it is imperative that rehabilitation therapists employ cognitive remediation, or at least use training interventions with demonstrated efficacy for people who have cognitive deficits. There is a small but growing body of evidence that cognitive rehabilitation can improve functional outcomes in patients with mild to moderate cognitive deficits. [16] [17] [18] However, the majority of existing studies exploring the efficacy of cognitive rehabilitation on functional outcomes are focused on older adults in the community, 19 in day centers, 20 and in hospital settings, 21 not post-acute SNF centers. Therefore, it is challenging to deduce whether cognitive rehabilitation programs could, in fact, facilitate the SNF mission of "better, faster" outcomes.
Our goal was to investigate whether working memory exercises (WME), applied concurrently with traditional rehabilitation therapy, would be associated with improvements in basic functional outcomes in post-acute SNF participants. We assessed ADLs that are common treatment targets in SNF rehabilitation gyms: bathing, dressing, toileting, functional transfers, continence, and feeding. We hypothesized that participants in the WME group would demonstrate significantly greater increases in ADL functioning from baseline to posttesting than control participants. A significant group × time interaction for WME would indicate that "better, faster" rehabilitation of ADLs could be achieved by simultaneously targeting both cognitive skills and functional deficits in SNF patients. Our study was unique in that speech-language pathologists utilized both prescriptive computer and analogue (workbook) WME as the cognitive interventions and it was conducted in multiple SNFs in different US states.
METHODS

Participants
Older adult patients in 19 Genesis Rehabilitation Services skilled nursing facilities in multiple US states were prospectively recruited for this study (October 2016 to July 2017). All nursing home patients were short stay admissions (<100 days) who were receiving post-acute rehabilitation following a hospitalization with plans to discharge to the community. The initial goal was for each facility to identify 20 patients eligible for study randomization. In practice, this was difficult to achieve due to low census rates at participating facilities and intermittent inability to obtain patient's power of attorney necessary for completing the consent agreement.
Seventy patients were identified upon rolling admission to participating facilities. As part of a "universal cognitive screening" process, patients referred to physical therapy completed an informed consent agreement and a Brief Cognitive Assessment Tool-Short Form (BCAT-SF) 8 administered by a physical therapist. Patients were excluded if they were younger than 50 years (n = 6, 8.57%); were not proficient in English; had medical, physical, or psychiatric limitations that would interfere with completing the study measures or WME; had BCAT-SF scores indicative of no cognitive impairment (19) (20) (21) or moderate to severe dementia (0-11); or were improperly randomized (n = 1; 1.43%). Patients who met eligibility criteria (N = 63) were added to an enumerated participant list. To prevent assignment bias, each facility submitted an anonymized version of its participant list to study investigators for randomization. Study investigators, who had no knowledge of any identifying characteristics, assigned participants to a WME intervention or the control group using a pseudorandom number generator.
Procedure
All study procedures were approved by the Genesis Rehabilitation Services Internal Research Review Committee. Each facility identified a speech-language therapist to administer the measures (baseline and posttest) and facilitate the WME. The speech-language therapists had no knowledge of the study hypotheses. Participants completed the Brief Cognitive Assessment Tool (BCAT), 22 Katz Index of Independence in Activities of Daily Living (Katz ADL), 23 and Brief Anxiety and Depression Scale (BADS) 24 with the speech-language therapist at baseline. Facility occupational therapists assisted in the completion of the Katz ADL. Next, participants entered the WME or control period based on their random group assignment. Within 72 hours following the last WME session (or 3 weeks after the baseline assessment for the control group), the speechlanguage therapist re-administered the BCAT, Katz ADL, and BADS for posttesting. All assessment results were submitted to the study investigators for data entry and analysis. To maximize the benefit of their efforts, the rehabilitation therapists were encouraged to use the results of the measures as part of the participants' discharge planning process, as clinically appropriate. settings. All therapists participated in a training call with the study investigators to (1) learn the study methodology and (2) standardize administration of the measures (cognitive, functional) and WME.
WME group
The WME group consisted of a 3-week, 9-session course, with each session lasting approximately 30 minutes. This format was based on evidence that cognitive interventions involving fewer total sessions (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) and shorter durations (≤12 weeks) are more cost-effective and attenuate attrition without sacrificing treatment efficacy. 25 Working memory exercises participants completed cognitive tasks from either the Memory Match or the Working Memory Exercise Book. 26, 27 Both were designed for rehabilitation therapists and are commonly used in post-acute settings. We selected both digital (online) and analogue (hard copy workbook) WME for a practical purpose; not all rehabilitation gyms have Internet access, and therapists would be less likely to use an online cognitive rehabilitation treatment in such settings. Memory Match was selected because of previous evidence of its efficacy as a computerized WME for older rehabilitation patients with milder cognitive deficits. 28 The Working Memory Exercise Book was selected as an analogous intervention that does not require Internet access for administration. Working memory exercises sessions were conducted by the speech-language therapists in the facility's rehabilitation clinic. Given that the functional measures were the primary outcomes, data on individual cognitive task performances are not available. Because therapists may use a combination of analogue and digital WME in actual practice, we combined the Memory Match and Working Memory Exercise Book groups into a single treatment group.
Memory Match 26 is an evidence-based, online cognitive rehabilitation module that targets attention and visual working memory. Administration required a mobile device with Internet access. The task challenges participants to visually pair matching pictures by recalling their spatial location. Each trial of Memory Match ends when the participant correctly matches all of the pairs or is unable to do so after 10 minutes. The organization and paring of matches are generated randomly for each game, which required participants to generate novel solutions for each session. The speech therapist administered the easy (level 1) and medium (level 2) difficulty levels of Memory Match, which served as the practice and treatment trials, respectively. Level 2 was readministered until the 30-minute session was completed. In a previous pilot study, older rehabilitation patients who completed Memory Match (n = 20) had significantly higher BCAT scores (medium-large effect size) at posttest than control group patients (n = 18). 28 The Working Memory Exercise Book 27 is an evidencebased cognitive rehabilitation workbook designed to enhance attention and working memory. The exercises are intended to help patients develop cognitive communication skills and strengthen strategies for learning and memory. Speech therapists administered a standardized set of paper-and-pencil cognitive exercises from the workbook for each session. The cognitive exercises required participants to sequence alphanumeric symbols, sort pictures or words, manipulate visuospatial stimuli, recall visual (faces) and verbal information (brief stories), or process and execute a list of instructions. Similar to Memory Match, participants completed 2 difficulties levels, basic (practice trials) and complex (treatment trials), for each 30-minute session.
Control group
The purpose of the control group was to compare the WME with the usual and customary rehabilitation therapy that post-acute patients receive at SNFs (ie, treatment as usual). Participants assigned to the control group did not complete the WME. After the initial screening and consent, control participants completed the baseline measures and were retested 3 weeks later. The 3-week pre-/posttesting period was designed to match the length of the WME group.
Measures
Katz Index of Independence in Activities of Daily Living
The Katz ADL, 23 which was originally developed for rehabilitation patients, is widely used across geriatrics to measure fundamental skills to meet physical needs. 29, 30 Facility therapists rated participants' ability to complete each of the 6 Katz ADL items at baseline and posttesting: bathing, dressing, toileting, functional transfers, continence, and feeding. Katz ADL items use a simple scoring system: 1 = independent ("no supervision, direction, or personal assistance") or 0 = dependent ("with supervision, direction, personal assistance, or total care"). In addition to identifying specific ADL dependencies, the dichotomized Katz items were summed to estimate total ADL functioning. 31, 32 Psychometric studies have found the Katz ADL to have high internal consistency reliability, 33, 34 construct validity as a single factor, 33 good content validity, 35 and strong convergent validity. 34 In this sample, internal consistency of the Katz ADL was strong at baseline and posttesting (Cronbach α = 0.83, 95% confidence interval [CI] = 0.77-0.89).
Supplementary measures
The BCAT, 22 the longer version from which the BCAT-SF is based, is a multidomain cognitive instrument that emphasizes executive function, contextual memory, and attentional control. Total scores (21 items, range = 0-50) are sensitive to a continuum of cognitive functioning. 14, 22, 36 The BCAT was included to categorize participants to control for baseline cognitive functioning in hypothesis testing. The
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Topics in Geriatric Rehabilitation www.topicsingeriatricrehabilitation.com 63 BADS 24 is an 8-item questionnaire designed to rapidly (3 minutes or less) assess symptoms of depression and anxiety in older adults. The BADS Anxiety Factor (range = 0-10) and Depression Factor (range = 0-6) are sensitive to generalized anxiety disorder and major depressive episode, respectively. 24 The BADS was included to examine baseline between-groups differences in depression and anxiety prior to hypothesis testing.
Statistical analysis
Statistical analysis was performed in R using RStudio. 37, 38 The Appendix (Supplemental Digital Content 1, available at: http://links.lww.com/TGR/A7), lists the R packages used. Study analyses adhered to the intention-to-treat concept: all randomized participants were included in hypothesis testing. Completers of Memory Match and the Working Memory Exercise Book were combined to capture the effects of WME on ADLs relative to control participants. Descriptive statistics were used to report participant characteristics and outcome measure scores. Independentsample t tests, 1-way analysis of variance, and Pearson correlations were used to examine associations between the outcome measures and participant characteristics. Linear mixed-effects modeling was conducted in the lme4 package. 39 Advantages of mixed-effects modeling include (1) robustness to missing data, (2) consideration of both fixed and random effects, and (3) management of heteroscedasticity and nonspherical error variance for either participant or study items. 40 A mixed-effects model was built to predict Katz ADL scores. Measurement period (baseline, posttest) and group assignment (WME, control) were entered as fixed effects. The period × group interaction tested the hypothesis that the WME group would be associated with "better, faster" ADL improvements during post-acute care. Intercepts for participants were added as a random effect. Omnibus statistics were summarized using the anova function and slopes for the 2-way interaction were estimated using the lmerTest package. 41 Working memory exercises effects were further quantified by the percentage of participants with decreased, stable, or increased ADL functioning during the study.
RESULTS
Preanalysis
Descriptive statistics for the 65 participants randomized to the WME (n = 40) and control (n = 25) groups are presented in Table 1 . Ninety percent (n = 36) of WME group participants completed all 8 sessions. The remaining 4 intervention participants, who finished between 3 and 7 sessions, completed the posttests prematurely because of early facility discharge. Ninety percent of participants had at least 1 ADL dependence, the most common (>50% of the sample) were bathing (84.38%), toileting (64.06%), functional transfers (62.50%), and dressing (61.94%). Baseline ADLs were not significantly associated with age, cognition, depression, or anxiety (Ps > .05).
Performance on the study measures (Katz ADL, BCAT, BADS) by group at baseline and posttesting is presented in Table 2 . Working memory exercises participants had higher cognition (M = 32.00, SD = 7.13) than control participants (M = 28.08, SD = 6.54), t 59 = 2.16, P = .03. The effect size for this baseline difference was medium (d = 0.58), and BCAT scores were retained as a covariate in subsequent modeling. Activities of daily living, rates of depression or anxiety (BADS), number of days enrolled in the study, and demographics (age, sex, education, marital status, race) did not significantly differ between the 2 groups (Ps > .05). Evidence for a gender bias in ADL ratings was not found as baseline Katz scores did not significantly differ between male and female participants (P > .05). 42
Mixed-effects modeling
Total ADLs
Results from the mixed-effects model predicting ADLs are reported in Table 3 . Number of days enrolled in the study (B = −0.01, 95% CI = −0.05 to 0.03, P = .57) and baseline BCAT scores (B = 0.08, 95% CI = 0.03-0.14, P = .06) did not significantly predict posttest ADL performance. The significant group × time interaction predicting ADL performance (P = .02) provided support for the "better, faster" hypothesis of WME on basic functional outcomes. On average, WME participants' ADL performance increased by 1.59 points (95% CI = 0.69-2.49, p < .001) from baseline to posttesting compared with a 0.05-point decrease (95% CI= −1.09 to 0.99, P = .92) for the control group over the same period. By the end of their study involvement, WME participants (M adj = 4.30, 95% CI = 3.53-5.06) had 1.25 points (95% CI = 0.15-2.34, P = .03) greater ADL performance than control group participants (M adj = 3.05, 95% CI = 2.19-3.91). The Figure illustrates the significant effect of the WME on ADL performance.
Specific ADLs
To better understand the effect of WME on functional outcomes, rates of decreased and increased functioning from baseline to posttesting were calculated for each ADL. As presented in Table 4 , a greater proportion of patients in the treatment group progressed from dependent to independent on continence (27.09%; WME = 32.35%, control = 5.26%), dressing (13.53%; WME = 23.53%, control = 10.00%), feeding (11.76%; WME = 11.76%, control = 0.00%), functional transfers (11.47%; WME = 26.47%, control = 15.00%), and toileting (8.53%; WME = 23.53%, control = 15.00%). Conversely, 20.00% of control participants had decreased independence on toileting over the study period compared with 0.00% for WME participants.
DISCUSSION
This study evidenced "better, faster" functional outcomes in post-acute rehabilitation associated with the integration of WME and functional deficit remediation. As hypothesized, the significant group by time interaction indicated that simultaneously targeting both cognitive skills and functional deficits was associated with greater improvements in ADLs than targeting functional deficits alone. Working memory exercises were associated with a 1.59point ADL increase, representing an average gain in functional independence by one-quarter of the ADLs assessed by the Katz. At posttesting, the WME group demonstrated independence on 1.3 more ADLs than the control group.
The "better, faster" finding for cognitive rehabilitation in conjunction with functional remediation was observed in 5individual ADLs, with a greater proportion of patients in the treatment group progressing from dependent to independent for continence, dressing, feeding, functional transfers, and toileting. This is an encouraging finding that has real implications for improving functional outcomes and safe discharges to the community. Discharging patients with significantly improved ADL skills should improve independence, reduce caregiver burden, and decrease the risk of unnecessary hospital readmission. This last point is of paramount importance to hospitals and post-acute SNFs that may incur financial penalties when discharged patients prematurely return to the hospital. There is growing evidence that older adults with ADL disability are particularly vulnerable to hospital readmission. 43 Hence, integration of a prescriptive WME regimen as a key component to post-acute SNF rehabilitation could reduce health care costs and improve the discharge process. Although focusing on the significant implications of the study findings for patients, their families, post-acute SNF rehabilitation, and the health care system at large is timely, it is also important to carefully consider the mechanisms by which these outcomes were produced. How do we understand why the integration of WME with traditional rehabilitation therapies produced significant gains in ADL functions? One explanation may be found in examining a set of well-documented positive associations: between working memory and executive functions, and between each of these cognitive abilities and daily functioning. In the seminal Baddeley and Hitch 5 working memory model, the "central executive" is considered an executive function and conceptualized to have a supervisory role in the attentional system. 44 Perhaps this explains the strong positive association between working memory and executive functions reported by McCabe and colleagues. 9 A strong link between functional skills with executive functions and memory is also well established. 14, 22, 31, 45 It stands to reason that cognitive rehabilitation targeting working memory would consequently improve ADLs. In the post-acute rehabilitation gym, WME may give patients an added boost to traditional ADL remediation therapies. Future research is needed to identify mechanisms by which WME could optimize remediation of basic functional outcomes in SNF post-acute care.
It should be noted that the treatment and control groups did not differ significantly on demographic variables, days spent in study, or baseline mood and functional scores. There was a small-medium effect for the between-groups difference in baseline BCAT scores, but this difference was not clinically significant as average scores for both groups fell in the range of mild dementia. The sample was predominantly white; therefore, it will be important to investigate the efficacy of WME for producing "better, faster" ADL outcomes in more racially diverse samples. A strength of this sample is that it was distributed fairly evenly across number of years of education. Furthermore, it retained a fairly high completion rate, with 90% of those in the treatment group completing all 8 sessions. This suggests that the WME were well tolerated by SNF patients with cognitive impairment.
In addition to replicating the findings with more multiculturally diverse populations, it would be useful to evaluate the effectiveness of this WME program with more cognitively diverse populations. Being cognitively intact and having more severe cognitive deficits, as measured by the BCAT-SF, were used as exclusionary criteria for this study. Given that people with more severe cognitive impairment present to post-acute rehabilitation settings, it would be beneficial to explore whether the WME effects on ADLs could generalize to them and, if not, whether the program should be adapted for better outcomes. We did not test whether this program will result in "better, faster, and sustained" outcomes, although a next step in our research is to investigate whether the benefits of WME on ADLs found in this study are durable.
Returning to the issue of financial viability of SNFs, the shift from fee-for-service to value-based payment transfers focuses from quantity to quality of services, making revenue dependent on clinical outcomes. In combination with the financial penalties associated with hospital readmissions, SNFs and their rehabilitation departments are under considerable financial pressure, given that patients referred for post-acute rehabilitation are at an especially high risk for hospital readmission. 46 Vertical integration between hospitals and post-acute care facilities is one proposed solution to this financial challenge, but it remains elusive and limited in scope, as it does not address patient care directly.
Innovation in care delivery models is required to produce "better, faster" outcomes that will help SNFs capitalize on value-based reimbursement and, ideally, reduce hospital readmission rates. Simultaneous delivery of WME with functional deficit remediation represents an innovative pathway toward improving basic functional outcomes in a shorter time frame. Right-sizing rehabilitation service through the integration of an evidence-based, prescriptive cognitive treatment protocol is in alignment with value-based care delivery. Skilled nursing facilities are positioned to maximize value-based reimbursement by integrating cognitive and functional remediation. Given that level of functional impairment is associated with increased risk of 30-day hospital readmission, 47 integrated cognitive and functional remediation could reduce risk for rehospitalization.
Skilled nursing facilities are facing severe financial pressure, necessitating a shift from the usual and customary approach to post-acute care. Revamping the existing delivery model of rehabilitation services by applying a prescriptive cognitive rehabilitation, such as the WME program, could result in "better, faster" functional outcomes, thereby ensuring the financial survival of post-acute care facilities. This preliminary evidence has wide-reaching clinical and financial implications, warranting further exploration across a broader range of patient populations, treatment settings, and time frames.
